Introduction
The number of people suffering from type 2 diabetes (T2D) is rapidly increasing worldwide [1, 2] . T2D has a significant impact on morbidity and mortality and gives rise to extensive medical interventions related to medical complications. The treatment and prevention of T2D is a challenging task, especially for physicians in primary health care.
In Western industrialized countries, the prevalence of T2D is strongly influenced by socioeconomic status [3, 4] . High frequencies of the metabolic syndrome, which is strongly related to diabetes, are reported from different countries [5] , including countries with a less westernized lifestyle [6, 7] , and for different occupational groups [8] .
Lack of exercise, poor diet, smoking and low or no alcohol consumption were all associated with a significantly increased risk of T2D among female nurses [9] . Nine of ten new cases of T2D could be attributed to five lifestyle factors (physical activity, diet, smoking, alcohol habits and adiposity) in a recent analysis [10] .
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The aim of this study was to analyze how the risk of T2D is associated with lifestyle in a male rural population and to analyze whether and how these factors interact and impact the cumulative incidence of T2D.
Methods

Study population
A prospective study cohort with farmers and rural non-farmer referents was established in 1989 with the intention to study healthpromoting factors related to farming and lifestyle. All male farmers born between 1930 and 1949 in nine rural municipalities in Sweden were identified from the Swedish National Farm Register. The areas were chosen taking into consideration known east-west and northsouth cardiovascular disease gradients in the Swedish population [15] , and with the objective to be representative of a variety of farm types and geographical variation across the country. Farmers were defined as men who owned or rented a farm and who spent at least 25 hours per week farming. The occupational activity was checked with local representatives from the Federation of Swedish Farmers. Farm laborers were not included. To each farmer, a rural referent, matched by age, sex and residential area, was sampled from the National Population Register. The rural referents should be active in an occupation other than farming, according to the most recent census. Due to limited non-farming populations in some of the districts included, the non-farmers were somewhat fewer than the farmers.
Altogether, 1,220 farmers and 1,130 rural non-farmers were eligible and included in the cohort. The farmers and the rural referents (n=2,350) were invited to an extensive health survey in 1990/91, including questionnaires, interviews, physical examinations and laboratory tests. The participation rate was 75.8 % with 1,782 men attending the baseline survey [16] [17] [18] . A second survey was performed in 2002-03 and the same, still available individuals were invited. At this time, 67.6% of the base population, which was 72.1 % of the available population, attended the survey. Altogether 1,963 individuals participated at least once (83.5% of the study population) ( Table 1 ). The whole study population has been followed in national registers.
The study was approved by the Research Ethics Committee at the Karolinska Institute in Stockholm, Sweden, and by the Regional Ethics Board, Uppsala, Sweden. All men who participated in the health surveys gave their informed consent.
Outcomes
The number of fatalities and causes of death from 1989 through 2009 were obtained from the National Cause of Death Register. The diagnoses were in accordance with the International Classification of Diseases (ICD), 9 th edition, Swedish version, from 1989 through 1996, and the 10 th edition, Swedish version, from 1997 through 2009 [19, 20] .
Diagnoses for admission to hospital for the years 1989-2009 were obtained from the Hospital Patient Register, which registers all hospital admissions in Sweden with a main diagnosis and up to seven additional diagnoses. We used all available diagnoses and counted the number of individuals who were given a diabetes diagnosis at least once. Diabetes was defined as ICD-9 code 250 and ICD-10 codes E10-E14 [19, 20] . A team of doctors, nurses, and physiotherapists visited the nine rural districts during a 12-month period in 1990-1991. The selected population was invited to the investigation and those who did not show up were reminded by telephone. The surveys included structural and elaborate interviews concerning previous health problems and contacts with health care suppliers, as well as current medical drug consumption including insulin. Questionnaires were answered on site and different tests were performed and blood samples drawn. The second survey in 2002/03 was conducted in the same way, but some tests were excluded and some new questionnaires included.
Individuals with diabetes taking insulin who were identified in the 1990-91 survey were regarded as having type 1 diabetes and were excluded from further analyses. Individuals with diabetes not taking insulin in 1990-91, as well as all those who acquired diabetes during the follow-up period were regarded as having T2D.
Lifestyle
A number of living conditions and habits (lifestyle factors) are related to T2D [5] . In this study we have included physical activity, meal quality, smoking, alcohol consumption, stress, occupation and educational level.
The level of physical activity has been estimated in three ways. Physical workload was assessed in a structured interview by an experienced physician as the reported average number of hours working in a sitting or standing position, with a moderate, heavy or very heavy workload during an average working day, according to Edholm's activity scale [21] . Physical activity during leisure time was assessed in interviews on a four-grade scale (sedentary, low, moderate or rigorous activity). The physical work capacity was determined using a sub-maximal work test on a bicycle ergometer [22] . The three parameters of physical workload, physical activity during leisure time, and physical work capacity were used to generate a general physical activity indicator (Table 2 ).
In addition to the dietary components, eating habits, meal design and meal structure throughout the day may be of relevance [23] . The baseline survey included a meal quality index, which estimated the daily meal schedule and the different types of meals during an ordinary day, assessed in a structured interview. The day was split into six periods of three hours each, from early morning to late afternoon, and the participant was asked what kind of food was consumed during each three-hour period. Only something to drink generated one point and a full cooked meal generated 5 points. The points were summarized and the sum was used as a meal quality index (Table 3) .
Tobacco and alcohol consumption were assessed in a structured interview. Tobacco consumption was analyzed as a dichotomous variable: current daily smoking, yes or no. Average alcohol intake, computed as grams of pure alcohol consumed per week, was based on the frequency of alcohol intake, type of beverage consumed and amount consumed on each occasion.
Stress was operationalized as experienced work demand and perceived work control and was assessed in a questionnaire according to Karasek and Theorell [24] . Occupation was included as farming versus non-farming according to the design of the base project. Educational level was measured on a five-grade scale from compulsory to university level.
Baseline characteristics
Weight and height were measured with standard procedures at the baseline survey and BMI was calculated as weight in kilograms divided by height in meters squared. The waist/hip ratio was calculated after measuring the waist and hip using a standard tape measure.
Blood pressure was measured twice with mechanical blood pressure equipment (Trim line LIC ® ) after five minutes of supine rest, and the average was recorded. The diastolic blood pressure has been used in the analyses.
Non-fasting blood samples were drawn, centrifuged, and refrigerated at 4°C at the examination site and all samples were transported to the same laboratory in Uppsala for analysis within three days.
Statistical analyses
The survey in 1990-91 was regarded as baseline. Those who only took part in the second survey in 2002-03 did not generate any baseline data. The internal non-response rate was very low for almost all items (less than 2%). Physical work capacity testing had more dropouts, due to clinical precautions in permitting testing, and the missing rate for the Karasek-Theorell questionnaire was 9 %. The statistical analyses were conducted using the SPSS ® version 16.0. Comparisons between farmers and non-farmers regarding baseline factors were made using a t-test for continuous variables and a Chi 2 test for categorical variables. Multiple logistic regression models were applied to analyze associations between lifestyle factors and T2D, as well as the components of the metabolic syndrome and T2D. The analyses were performed in a stepwise manner. The results are presented as odds ratios (OR) with 95% confidence intervals (95% CI).
Results
National registers (death register, hospital inpatient register and hospital outpatient register) include 260 individuals, out of a total of 2,350 individuals with a diabetes diagnosis on file, which corresponds to 11% of the studied population.
The study population was surveyed twice, in 1990-91 and 2002-03. Among those surveyed, 21 individuals reported that they had diabetes and/or were on treatment for diabetes; although they were not found in the registers. This discrepancy is related to the fact that primary care diagnoses are not included in the national registers.
In the surveyed population, 212 individuals with a verified diabetes diagnosis were identified (Table 4) . Among these, 41 men reported diabetes already in 1990-91. These 41 men were all asked about diabetes treatment and 19 of them reported taking insulin. These 19 individuals were regarded as having type 1 diabetes and were excluded from the following analyses. These analyses were hence based on a population of 1,944 individuals who took part in at least one of the surveys.
As expected, the studied baseline characteristics; i.e., BMI, waist/hip ratio, blood pressure and blood lipids (components of the metabolic syndrome), showed a significant and systematic relationship with T2D (Table 5 ).
Physical activity estimated in different ways, as well as meal quality and occupation had a significant relationship with T2D. Smoking, alcohol consumption, stress (assessed as experienced demands), and educational level showed no such relationship in crude analyses (Table 5) .
Further analyses using multiple regression models showed that (Table 6 ). Smoking, alcohol consumption, stress (estimated as experienced demands), occupation and educational level were not related to T2D in these adjusted analyses.
The interaction between physical activity and meal quality was analyzed using three-dimensional diagrams. The effect of physical activity was present among individuals with medium and high meal quality and an effect of meal quality was seen among those with high and medium physical activity (p=0.042). Among those with low physical activity, meal quality seemed to make no difference ( Figure  1 ). When the physical activity index was replaced with physical work capacity in three categories (high, medium and low), a similar picture emerged (p=0.020). No effect of physical capacity was present if the meal quality was low and no effect of meal quality was seen if the physical capacity was low (Figure 2 ).
Discussion
Our results are well in line with what is known about T2D epidemiology [10, 25] . The components of the metabolic syndrome had a strong relationship with T2D, as expected. The studied lifestyle factors were related to T2D as expected, but only physical activity and meal quality had a significant impact in the adjusted analyses. Graphic analyses indicate an interaction between physical activity and meal quality, in those individuals with low physical activity seemed not to be "helped by" a high meal quality. Men with high physical activity generally had a low risk of T2D, regardless of meal quality.
The preventive effect of different kinds of diet has been discussed over the years and there is still controversy regarding the optimum design of preventive diets [26] [27] [28] . Other studies indicate that a combination of lifestyle factors is associated with a substantial risk reduction [25] . Intervention studies have focused on changes to the diet and physical activity [29] . However, we have not found any study elucidating how the different factors integrate with each other. A Japanese study showed that low physical activity but not recessive calorie intake was associated with T2D [30] , and another Japanese study report showed that eating speed was associated with the incidence of diabetes [31] . Finally, an American study supports our findings and reported that breakfast omission and the organization of the meals were related to the T2D risk [32] .
A significant relationship between physical activity and prevention of T2D is supported by many studies [9, 33, 34] . Physical activity is related to other factors with an impact on the risk of T2D, such as adiposity, blood pressure, dyslipidemia and inflammation. It is not clear whether the positive effect of physical activity is due to the exercise per se or results from favorable changes to the body Example in yellow Table 3 : Description of the meal quality index with an illustrative example. Meal data from six periods of the day, three hours each, assessed in structural interviews. composition [35] . The effect of physical activity may be modified by a number of diabetes genes; however, this modification is supposed to be of moderate magnitude [36, 37] .
The main strength of this study is a well-defined and controlled population-based cohort documented over a long time, using registers, interviews, questionnaires and tests. The cohort constitutes a representative sample of the Swedish countryside population, as the surveys were performed in nine different districts around the country. The districts were chosen to meet known geographical health gradients [16] . The quality of the data has been evaluated in a number of studies. The internal loss of data is generally low and previously proven methods and validated questionnaires have been used for most aspects [17] .
To estimate the meal quality we developed a standardized interview to assess differences between individuals. No validated instrument that would be useful in this context was found in the literature at the time of the first survey. Internal validation of the meal quality index has not shown any disqualifications, as the distribution, standard deviation, skewness and kurtosis all indicate that the variable has a normal distribution.
A weakness of our study may be the relatively small number of individuals with T2D. On the other hand, the cases are well identified both in registers and through interviews. The identification of persons with T2D was carried out using national registers and information from two surveys with an interval of more than ten years. The registers failed to capture all cases, which indicate that our method of retrieving the cases improved the incidence rating. This register short coming is probably related to the fact that doctors in primary care do not report to the national registers. Only doctors affiliated with hospitals have to report consecutively to the registers. Some cases, especially from recent years, have probably been missed, as they could not be assessed in interviews after the second survey.
We estimated physical activity in different ways; physical Table 6 : Diabetes (T2D) and lifestyle factors with significant impact on the diabetes risk. Backward stepwise regression analyses with all the lifestyle factors included.
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workload assessed through interviews, self-reported physical leisure activity, and measurement of physical work capacity, as previously described. These estimates of physical activity/capacity are relevant in this context.
Smoking, alcohol consumption and stress had no significant relationship with T2D in this study. We are well aware that experienced job demands, according to Karasek/Theorell, are just one perspective of the broad stress concept. Other methods may of course be used [38] .
Conclusion
Physical activity and meal quality were significantly related to T2D and we found an interaction between these two lifestyle factors. The preventive effect of meal quality was seen among physically active individuals. Men with low physical activity had a high risk, regardless of meal quality. High meal quality does not seem to compensate for physical inactivity. The results emphasize the importance of focusing on lifestyle in a comprehensive manner when addressing diabetes prevention. More research addressing the interaction between lifestyle variables is needed.
